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The cholesterol and squalene contents of scalp fat from children and adult
males and females have been reported by Nicolaides and Rothman (1). Squalene
occurred in comparable amounts in both adult male and female sebum samples.
Also, the cholesterol level of children's scalp fat was somewhat elevated in cor-
roboration of the findings of Eckstein (2). In a second report by Nicolaides and
Rothman (3), the yields of scalp lipid in adult Negroes were shown to range
60—70% higher than those for white persons. A computed average composition
was also advanced for fresh and stored scalp fat as well as forearm sebum, the
latter having been studied by MacKenna, Wheatley and Wormall (4). Essen-
tially no differences in composition were observed by Bloom, Woods and
Nicolaides (5) for sebum removed directly from the scalps of adult males with
early pattern alopecia and full-headed conditions. However, only six subjects
were employed per group.
The present investigation was undertaken with the view of ascertaining
whether any noteworthy differences are apparent between sebum batches ex-
tracted from full-headed and balding Negro and white male adults. Pertinent
constants of numerous scalp fat samples were determined and the respective
findings submitted to analysis of variance. In addition, representative pools of
the above categories were saponified and the yields and acid and iodine numbers
evaluated for the resulting fatty acid mixtures.
EXPERIMENTAL
Collection of hair. The source of sebum comprised hair clippings from peni-
tentiary inmates shipped periodically to this laboratory. Hair was collected ac-
cording to the following male adult groups: white full-headed (WF), white bald-
ing (WB), Negro full-headed (CF) and Negro balding (CB). For the WB and
CB types, widespread balding conditions prevailed. It should be emphasized
that the use of any hair dressing or pomade, whatsoever, was strictly forbidden
to all subjects. Generally, periods of at least one week elapsed between shampoo-
ing and hair cutting.
Extraction of sebum. Seburn was extracted from hair by means of ligroin (boil-
ing range: 30—60°C). In a typical processing, 1.5 kg. hair was allowed to stand
in contact with 9 1. of ligroin in a capped bottle and after three days at room
temperature with frequent stirring, the contents were decanted and the hair
pressed out. When the solution was filtered and rid of solvent on the steam bath,
a total of 49.8 g. (3.3%) sebum resulted.
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Saponification of sebvm, For isolation of the mixed fatty acids, the scalp fat
was saponified with 20% sodium hydroxide in 95% ethanol (1.5 ml./g. sebum)
over a period of 24 hours on the steam bath. The resulting mixture was diluted
with water and the unsaponifiable matter removed by extraction with ether.
When the aqueous solution was acidified with sulfuric acid, the fatty acids sepa-
rated and on chilling, solidified. Only a trace of lower fatty acids (less than 0.10%)
occurred on steam distillation of the acidified contents. The fatty acids were
filtered, dissolved in ether and the resulting extract washed with water until free
of mineral acid. The ethereal solution after drying over anhydrous sodium sul-
fate, filtration and removal of solvent, gave rise to the mixed fatty acids.
Determination of constants. The method of Kaufmann (6) was employed in the
evaluation of the iodine number or the percentage uptake of iodine by an un-
saturated material. The lipid in amount of 200—500 mg. was dissolved in 10 ml.
chloroform and the equivalent volume of Kaufmann reagent (bromine and
sodium bromide in methanol) added. After twenty minutes in the dark, potas-
sium iodide was introduced and the contents titrated with 0.1 N thiosulfate
solution.
The acid number denotes the milligrams of potassium hydroxide required to
neutralize the free fatty acids occurring in one gram of lipid. It was ascertained
by titrating a solution of 200—500 mg. of sebum or mixed acids in 10 ml. 95 %
ethanol with 0.1 N potassium hydroxide to the phenolphthalein end point.
Free cholesterol was analyzed colorimetrically by the procedure of Kingsley
and Schaffert (7).
RESULTS
Average yields, acid and iodine numbers and free cholesterol percentages for
sebum samples of the four main categories appear in Table 1. A total of about
20 kg. hair was processed per group (17—26 shipments) except for a lower quan-
tity with CB (5 kg.). The nine individual comparisons between the respective
values by analysis of variance are shown in Tables 2—5, inclusive.
Yields as well as iodine and acid numbers for mixed acids obtained by sapon-
ification of representative poois of sebum are given in Table 6.
TABLE 1
Average values for yields, acid numbers, iodine numbers and free cholesterol percentages for
various sebum samples b
Code AdulMale Hair Sebum Yield, % AcidNumber Iodine Number Free Ch1esteroI,
WF White lull-headed 3.6 1.90 (21) 94.6 3.36 (21) 81.3 4.71 (20) 6.35 1.11 (21)
WB White balding 3.3 1.52 (18) 97.9 3.79 (18) 77.0 3.43 (18) 6.19 1.03 (17)
CF Negro-full-headed 6.3 2.59 (26) 90.1 6.10 (22) 67.3 5.10 (21) 5.54 1.43 (17)
CB Negro balding 6.0 2.48 (21) 96.1 3.30 (21) 66.8 4.81 (21) 5.99 0.96 (18)
a The value following each sign is three times the standard deviation.
h The figures in parentheses denote the number of samples considered in the calculation of the mean values.
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TABLE 2
Analysis of variance: seburn yieldsa b
Source of Variation Mean Square F
272.27**
F Requ
5%
3.96
iced at
1%
6.96CvsW 1 150.02
BvsF 1 1.70 3.08 3.96 6.96
Interaction R and H 1 2.94 533* 3.96 6.96
CFvsCB 1 0.92 1.67 3.96 6.96
WFvsWB 1 0.85 1.55 3.96 6.96
CFvsWF 1
CBvsWB 1
CFvsWB 1
84.46 153.28**
65.64 119.13**
89.31 162.10**
3.96
3.96
3.96
6.96
6.96
6.96
WF vs CB i 1 59.54 108.06** 3.96 6.96
General error (shipments of hair) 79 0.55
Three orthogonal degrees of freedom—nine individual comparisons.
b The Bartlett's Test gave no evidence of heterogeneity of the hatch variance. There-
fore, the general error was used for test of significance.
The abbreviations C, W, B, F, II and H of Column I refer to Negro, white, balding,
full-headed, race and hair, respectively.
* Significance at the 5% level of probability.
** Significance at the 1% level of probability.
TABLE 3
Analysis of variance: iodine numbers of sebum ba1ches
F Required at
Source of Variation Feedorn Mean Square F
1% 1%
CvsW 1 5918.93 35•45** 3.98 7.01
FvsB 1 287.36 1.72 3.98 7.01
Interaclion Rand H 1 197.52 1.18 3.98 7.01
CF vs CB 1 3.94 0.02 3.98 7.01
WF vs WB 1 329.37 1.97 3.98 7.01
CF vs WF 1 4012.26 24.03** 3.98 7.01
CBvsWB 1 1952.60 11.69** 3.98 7.01
CF vs WB 1 1790.13 10.72** 3.98 7.01
WF vs CB 1 4264.60 25.54** 3.98 7.01
General error (shipments of hair) 75 166.96 70.72** 1.45 1.70
Laboratory duplicates 79 2.36
Cf. footnotes of Table 2.
DISCUSSION
The present study advances detailed data on scalp seburn from adult Negro
and white full-headed and balding males. For the analysis of variance, all values
of the respective constants were considered except for the yields where obviously
only one percentage was obtained per batch. The laboratory duplicates were
used to test the significance of the general error based on individual lots of hair.
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TABLE 4
Analysis of valiance: sebum acid numbersa
F Required at
Source of Variation Degrees of Mean Square F _______________Freedom
5% 1%
CvsW
F vs V
Interaction R and H
CF vs CB
WF vs WB
CF vs WF
CB vs WB
CF vs WB
WFvsCB
General error (shipments of hair)
Laboratory duplicates
1
1
1
1
1
1
1
1
1
78
82
387.65
877.21
129.39
782.28
205.7
439.36
59.07
1198.24
48.00
268.86
2.25
1.44
3.26
0.48
2.91
0.77
1.63
0.22
4.46*
0.18
119.64**
3.96
3.96
3.96
3.96
3.96
3.96
3.96
3.96
3.96
1.45
6.96
6.96
6.96
6.96
6.96
6.96
6.96
6.96
6.96
1.70
Cf. footnotes of Table 2.
TABLE 5
Analysis of variance: sebum free cholesterol percentages
Source of Variation Degrees of Mean Square
9.32
0.37
3.53
3.61
0.44
12.25
0.76
7.27
2.57
1.84
0.15
F
5.07
0.20
1.92
1.96
0.24
6.66*
0.41
3.95
1.40
12.27**
F Required at
5% 1%
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
3.98 7.01
1.47 1.74
C vs W
F vs B
Interaction R and H
CFvsCB
WFvsWB
CF vs WF
CB vs WB
CFvsWB
WFvsCB
General error (shipments of hair)
Laboratory duplicates
1
1
1
1
1
1
1
1
1
70
74
Cf. footnotes of Table 2.
As this was significantly larger than the variation among laboratory duplicates,
it was used as the error against which the mean squares for the individual com-
parisons were tested. In all instances, the Bartlett Test gave no evidence of
heterogeneity of the batch variance.
Percentage yields. In agreement with the findings of Nicolaides and Rothman
(3), the race difference dominates all of the nine comparisons, the yields ranging
highest for Negro scalp fat (Table 2). However, it will be noted that the inter-
action of race and hair condition is near significance and this trend is to be
further observed in the future.
Iodine numbers. As with the percentage yields, the racial difference is again
the dominating factor in the case of iodine numbers (Table 3). High significance,
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TABLE 6
Constants for mixed acids front saponification of sebum pools
Sebum Pool' Yield, Mixed Fatty AcidsIodine Number Acid Number
WF-9 59.7 53.5 192
WF-5 49.8 64.4 207
WB-3 358b 53.0 206
CF-b 62.7 52.6 176
CF-4 47.9 58.8 202
CB-8 51.2 54.9 185
CB-3 61.2 52.4 183
The number after each hair category denotes the individual sebum samples pooled
prior to saponification.
F Losses were extensive.
namely, above the 1 % level, is observed in the comparisons of CF-WF, CB-WB,
CF-WB and CB-WF, the values for adult white male sebum exceeding those of
the Negro batches.
Acid numbers. With this constant, the CF-WB comparison is approaching
significance at the 5% level and is not due to a racial difference but rather to
hair condition (Table 4). It should be pointed out that the period between wash-
ing and cutting of hair was rather constant among the subjects. This is empha-
sized in the light of the finding that hydrolysis of sebum glycerides may occur
with time or storage. Thus, the free fatty acids of fresh scalp fat (wipings) have
been shown to range lower than that of sebum extracted from hair; the total acid
contents, however, were essentially constant (3).
Percentage free cholesterol. The comparison of free cholesterol percentages in
sebum from Negro and white hair fat is near significance (on a 5% level), indi-
cating the possibility of racial differences. This shows up with CF-WF but does
not extend to the remaining comparisons. According to Nicolaides and Rothman
(3), scalp fat from adult Negroes of either sex contained 25% less cholesterol
than the corresponding samples from whites.
The mixture of fatty acids obtained from saponification of pooled sebum
samples, revealed no marked or unequivocal differences in yields and acid or
iodine numbers that could be attributed to race or hair condition (Table 6). The
yields were 50—60 % as based on sebum, the iodine and acid numbers amounting
to 53—65 and 176—207, respectively.
SUMMARY
Constants have been determined for numerous sebum batches extracted from
hair of adult Negro and white full-headed and balding males. Analysis of vari-
ance revealed increased yields in scalp fat of the Negro groups; the interaction
of hair condition and race was near significance. The racial difference was also
evident with the iodine numbers, the values ranging lower for the Negro samples
and possibly with the decreased free cholesterol content of Negro full-headed
scalp fat as compared to that of white full-headed products (significance at a 5 %
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level). Only the comparison of acid numbers of sebum from Negro full-headed
and white balding males approached significance at the 5 % level and was due
to hair condition. No marked differences in yield and acid or iodine numbers were
apparent with the fatty acid mixtures resulting from saponification of representa-
tive pooled sebum samples.
The authors are indebted to Dr. Marjorie L. Sutherland aad Miss Rosemarie Meyer for
their aid in the statistical calculations and to Warden Joseph E. Ragcn of the state peni-
tentiary, Statesvillc, Illinois for his cooperation in making numerous hair hatches available
for investigation.
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